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Effects of the defect size on the number and size of nanocracks. Figure 2S (b) summarize the sizes of the defects and the total number of the nanocracks recorded in the experiments. Figure 2S (a) shows that the size of the defects increases with the magnitude of the applied force, from 20 for the 10 gF to about 210 for the 1000 gF. Figure 2S (b) depicts that the total number of the nanocracks generated on the defects also increases with the magnitude of the applied force. Examples of nanocracks generated on these defects created by different applied forces are showing in Figure 2S (c).
Figure 2S (a) and
Figure 2S Defect size effects on the number of nanocracks. (a) The size of the defects increase with the applied force on the indenter; (b) The total number of cracks generated on the 7 defects increases with the applied force on the indenter. (c) Examples of nanocrack creation on polystyrene surfaces induced by defects made by different force applied ranging from 10 gF to 1000 gF.
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Please do not adjust margins . Table 1S shows the properties of the photoresists and the working parameters during the replication. The thickness of the photoresist layers and the standard UV exposure dose are obtained according to the data sheet of the SU8 2000 series photoresists, and the spin-coating time for all the cases was 60 s. The average surface roughness of the cracks and the nanochannel mold size before and after replication were measured by the AFM. For all the cases, the roughness values and the channel mold sizes were measured for at least 5 times with 5 independent samples under the same working conditions. Details for effects of spin-coating time Nanochannel molds made by using SU8 2150 with different spin-coating time (the samples are exposed to UV light immediately after the spin-coating time) from 30 s to 120 s were examined by using AFM. The results show that the molds made by a too short spin-coating time are not consistent, i.e., the volume and the shape of such a mold vary along the length direction. On the contrary, the molds made by a longer spin-coating time are uniform in the length direction. For instance, Figure 4S (a) shows a nanochannel mold replicated by 60 s spin-coating time. It is obvious that the channel mold has a zigzag shape due to failure of SU8 material to fill the nanocrack uniformly. By contrast, the quality of nanochannel mold replicated by 120 s spin-coating time is much better, as shown in Figure 4S (b), because SU8 2150 can fully fill the nanocrack within such a longer period of time. To replicate nanochannels with high quality and smaller sizes, one has to balance the spin-coating time and the concentration of solvents in SU8 photoresist.
Figure 4S AFM 3D images of nanochannel molds replicated by using SU8 2150 with spin-coating time of (a) 60 s and (b) 120 s.
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Experimental details of the effects of UV exposure dose
The thickness of the photoresist layers and the spinning coating time used in this part were about 200 and 120 s, respectively. UV exposure dose ranging from 300 mJ/cm 2 to 2700 mJ/cm 2 was studied. For a 200 thick photoresist layer, the standard exposure dose is around 330 mJ/cm 2 according to the SU8 photoresist manual. Figure 5S (a) is an example of underexposure case (300 mJ/cm 2 ) where the mold was peeled off too early. It is clear that the photoresist breaks and leaves some parts in the nanocrack during the peeling off process. Figure 5S (b) shows a nanochannel mold replicated also under the condition of underexposure UV exposure (300 mJ/cm 2 ) with a longer peeling off time, the channel mold is intact, but the channel size is much larger (due to the further swelling of the nanocrack). Figure 5S (c) shows an example of a nanochannel mold made of SU8 2150 photoresist layer with an overexposure UV energy of 2700 mJ/cm 2 . It is obvious that some parts of the SU8 nanochannel mold in this case were broken. Please do not adjust margins
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Details for the thickness of the photoresist layer To examine this effect, a series of photoresist layers from 80 to 650 obtained by spin-coating SU8 2150 at different spin coating speed ranging from 1000 rpm to 8000 rpm for 120 seconds onto polystyrene surfaces with nanocracks were used to fabricate the nanochannel molds. To minimize the time of solidification, all the samples were overexposed to UV light for 1200 mJ/cm 2 . Figure 6S (a) compares the size of nanochannel molds replicated with different thicknesses of SU8 photoresist layers. For each value of the spin-coating speed, 5 independent nanocracks were used and the sizes were measured for at least 5 times. The original nanocracks were fabricated under the same condition and the average size of the nanocracks as measured by the AFM is 215.6 nm in width and 47.7 nm in depth. Figure 6S (a) shows the average value of the channel mold size after duplication as a function of the spin-coating speed. From Figure 6S (a), one can see that both the width and the height of the nanochannel molds decrease with the spin-coating speed inversely. For example, when the spin-coating speed is 1000 rpm, the thickness of the SU8 layer is about 650 and the corresponding channel mold size is about 2208 nm in width and 2388 nm in height. When the spincoating speed increases to 8000 rpm, the thickness of the SU8 layer is only about 80 and the channel mold size is approximately 541 nm in width and 134 nm in height, which is much smaller than that of the 1000 rpm case. Figure 6S (b) shows 3D images of the nanochannel molds replicated under different spin-coating speeds. It is obvious that the size of the channel molds decreases with the increasing spin-coating speed. In addition, the uniformity of the channel molds improves with the spin-coating speed. 
Experimental details for the pre-curing time effects.
In the experiments, pre-curing time of 17 min, 20 min, 23 min, 25 min, 27 min, 30 min, 35 min and 40 min were tested to replicate nanocracks of about 300 nm in width and 60 nm in depth. For all the cases, the peeling-off time was 60 min and the pressurized time was 60 s. The pressure value for each case was different due to the difference in fluidity of the smooth cast layers. Specifically, for the 17 min and 20 min cases, no pressure was applied, because the pre-curing smooth cast layers were too soft; for the 23 min and 25 min cases, only 0.5 MPa was applied. The pressure applied on the 27 min case was 5 MPa, and for the other cases with longer pre-curing time, the pressure value was 10 MPa. The results show that when the pre-curing time is shorter than 23 min, the surfaces of the smooth cast layers are wet and soft; as a result, the solvent from the smooth cast layer destroys the nanocracks easily. However, as the pre-curing time becomes too long, the smooth cast layers are dry and hard, therefore, higher pressure is needed during the nanoimprint, which will also trigger further cracking of the nanocracks. Figure 7S shows the examples of the the nanochannel molds replicated by pre-curing time from 17 min to 30 min. It is obvious that a longer pre-curing time contributes to a better channel mold quality. However, as the pre-curing time becomes too long (longer than 30 min), the smooth cast layer becomes too hard, and a higher pressure is needed which will likely deform or break the polystyrene nanocracks. Figure 8S shows the size and 3D images of the nanochannel molds. From Figure 8S (a), one can see that the width of the channel molds is almost constant when the pressure is lower than 2 MPa, about 300 nm, which is similar to that of the original nanocracks, because the nanocracks on polystyrene surfaces are stable (i.e., no further cracking is induced) when low pressure is applied. However, for the higher pressure values, 2.5 MPa and 3 MPa, the width of the channel molds increases dramatically due to further cracking of the nanocracks. In the experimental investigations, pressure as high as 5 MPa was also tested; however, it was found that a lot of new fractures were generated on the polystyrene surfaces under such a high pressure. Figure 8S (b) shows that the height of the channel molds is about 24 nm when the pressure is 0.25 MPa, and this value increases to 30 nm as the pressure increases to 0.5 MPa. This is because the cracks are partly filled with smooth cast when the pressure is smaller than 0.5 MPa. When the pressure increases from 0.75 MPa to 1.5 MPa, the height of the channels reaches about 60 nm due to fully filled smooth cast in the nanocracks. However, when the pressure is higher than 2 MPa, both the width and height of the channel molds increase dramatically due to further cracking of the nanocracks as mentioned above. For example, for the 2 MPa and 2.5 MPa cases, the channel molds become 280 nm wide and 370 nm high, and 414 nm wide and 354 nm high, respectively, which are much larger than the original crack size. For all the cases, the pre-curing time was 25 min and the pressurized time was 30 s with a peeling off time of 60 min. Please do not adjust margins Please do not adjust margins Figure 9S shows images of nanochannel molds replicated with (a) 10 s, (b) 1 min and (c) 5 min pressurized time, respectively. It is obvious that the nanochannel mold replicated with 10 s pressurized time is not so smooth, and the channel mold replicated with 1 min pressurized time is much better than that of the 10 s case. For the 5 min case, the channel mold is not straight due to detaching action of the smooth cast layer with the crack during the solidifying process. Please do not adjust margins Please do not adjust margins
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Pressure effects
Examples of pressurized time effects
Examples of peeling off time effects
Peeling off time from 35 min to 100 min were studied experimentally. In the experiments, the pre-curing time was 25 min and the pressure value was 1 MPa with pressurized time 1 min. Figure 10S (a) and Figure 10S (b) show examples of nanochannel molds replicated by peeling off too early with peeling off time of 25 min and 40 min, respectively. It is clear that the channel mold becomes negative (should be positive) in Figure 10S (a) and zigzag-like in Figure 10S (b) due to failure of peeling off. On the other hand, when the peeling off time is too late, the contacting time between the smooth cast and the polystyrene surfaces will be longer, which will enhance the swelling of the polystyrene surface. 
